Iron-histidine stretching vibration in the deoxy state of insect hemoglobins with different O2 affinities and Bohr effects.
Resonance Raman spectroscopy has been employed to detect the iron-proximal histidine stretching mode in deoxyhemoglobins from insect larvae of Chironomus thummi thummi (CTT). With the excitation of 413.1 nm, we observe a sharp and intense line in the 220-224 cm-1 region. The assignment of this line to the Fe-N epsilon (His) stretching mode was made on the basis of a 3-cm-1 shift upon 57Fe/54Fe isotope substitution. The Fe-N epsilon (His) vibration is used to monitor the possible changes in the Fe-N epsilon (His) bond strength (hence bone length) in the deoxy state of the monomeric (CTT I, III, and IV) and dimeric (CTT II) insect hemoglobins. As these hemoglobins differ in O2 affinity, off-rate and on-rate constants, and in the Bohr effect, they are excellent model systems for investigating the mechanism of protein control of the heme reactivity. Some of these hemoglobins (CTT III, IV, and II) are allosteric, exhibiting two interconvertible conformational states with high and low O2 affinity at high and low pH, respectively. The Fe-N epsilon (His) stretching frequency does not correlate with the O2 affinity, the on-rate and the off-rate constants for different hemoglobins, for different conformational states, and for modified hemoglobins with different heme peripheral groups. This vibrational mode is insensitive to deuteration of the heme vinyl groups. It is important to note that the Fe-N epsilon (His) bonds in the high pH (high-affinity) and the low pH (low-affinity) states are identical. This implies that the O2 molecule, prior to binding, "sees" identical binding sites. Thus, the difference in free energy changes upon O2 binding is manifested only in the oxy form.